Tyrosine residues in ricin D were modified with TV-acetylimidazole and the saccharide binding properties of the resulting derivatives were examined. The cytoagglutinating activity of ricin D was not altered by acetylation of one tyrosine residue/mol, but decreased greatly upon modification of two tyrosine residues/mol.
Tyrosine residues in ricin D were modified with TV-acetylimidazole and the saccharide binding properties of the resulting derivatives were examined. The cytoagglutinating activity of ricin D was not altered by acetylation of one tyrosine residue/mol, but decreased greatly upon modification of two tyrosine residues/mol.
In the cytoagglutination test, only 6% residual activity was found in the derivative, 2-Ac-ricin D, in which 2.4 tyrosine residues/mol were acetylated. In the presence of lactose, however, one tyrosine residue/mol was protected from acetylation by TV-acetylimidazole with a retention of the saccharide binding ability, suggesting the involvement of one tyrosine residue in the saccharide binding. Fluorescence and I V -difference spectroscopic data indicate that the binding ability of the low affinity saccharide-binding site (LA-site) of ricin D remained unchanged after modification of 2 tyrosine residues/mol. The affinity chromatography of the acetylated derivatives of ricin D on the lactamyl-and galactosamine-cellulofine columns suggests that 2-Ac-ricin D binds galactopyranosides only at the LA-site, but lacks the binding ability at the high affinity saccharide-binding site (HA-site).
It is postulated that introduction of the bulky acetyl group into the hydroxyl group of the tyrosine residue at the HA-site of ricin D may sterically hinder the binding of saccharides.
Ricin D, a highly toxic glycoprotein found in castor bean (Ricinus communis) seeds, has a molecular weight of 63,000 and consists of two non-identical polypeptide chains (A-and Bchains) linked through a single disulfide bond.1* The A-chain inactivates ribosomes of eucaryotic cells by cleaving the N-glycosidic linkage of the residue at A4324 of 28S rRNA enzymatically.
2) The B-chain, on the other hand, is a carbohydrate-binding protein and has two saccharide-binding sites with different affinities, a high affinity site (HA-site) and a low affinity site (LA-site).3~5) Spectroscopic studies on ricin D-saccharide interaction have indicated that the HA-site can bind both galactopyranosides and TV-acetylgalactosamine, while the LA-site is able to bind galactopyranosides but lacks the ability to bind Nacetylgalactosamine. 5'6) Chemical modifica-1617 tion and X-ray crystallographic data have proved that the HA-site and the LA-site contain Tyr248 and Trp37, respectively.7~9) It has been reported that the saccharide-binding ability of ricin D decreased greatly upon modification of tyrosine residues.10'n) Although iodination of tyrosine residues in ricin D with potassium iodine has been extensively studied,4'7'U) there is little data to explain the acetylation of tyrosine residues with regard to the two saccharide-binding sites of ricin D precisely.
To Modification ofricin D with Aclm. To 3 ml of a ricin D solution (0.95jum) in 10mM phosphate buffer at pH 7.5, 0.3ml of a given amount of Aclm in 10mMphosphate buffer at pH 7.5 was added, and the mixture was kept at 23°C. After 5 min, the reaction mixture was immediately chromtographed on a Sephadex G-25 column (5.0 x 40cm) equilbrated with 10mM phosphate buffer at pH 7.5 to separate the modified protein from reagents. The column was developed with the same buffer at 4°C, and the protein fractions were pooled. The number of acetylated tyrosine residues in the modified ricin D were measured essentially by the method of Simpson et al.15 ): 2ml of the modified ricin D solution (0.3^m) in 10him phosphate buffer at pH 7.5 was placed in each of the sample and reference cells. To the sample and reference cells were added 0.2ml of ll mMhydroxylamine in the same buffer and the same volume of the buffer solution, respectively, and the difference spectrum was recorded after 30min. The number of acetylated tyrosines was calculated using a molar extinction value for O-acetyltyrosine of 1160cm"1 m"1 at 278nm.15) Cytoagglutinating activity. Cytoagglutinating activity of ricin D was measured microscopically using Sarcoma 180 ascites tumor cells in 5 mMphosphate buffered saline at pH 7.1 as described by Funatsu et al.l6) UV-difference spectra of ricin D and its derivatives induced by lactose. UV-difference spectra of ricin D and acetylated derivatives of ricin D induced by lactose were recorded on a Hitachi 200-10 spectrophotometer as previously reported.6) The association constants for binding of lactose to proteins were obtained from the variation of the magnitude of the difference maximumat 288 nm by the method described in our previous paper.6) In the case of the acetylated derivative which failed to generate the difference maximumat 288 nm, the association constant was obtained from the variation of the negative intensity at 305 nm as a function of lactose concentration, according to the following equation:
where A^v and [S{] are the association constant and the concentration of free lactose, respectively. As and Asmax are the difference molar absorption coefficient and the maximal difference molar absorption coefficient at 305 nm where the binding site of the modified ricin D is saturated with lactose, respectively.
[S{] was given by the following equation: Fluorescencespectra. Fluorescencespectra were recorded on a Hitachi 650-1OS fluorescence spectrophotometer, and the association constants (A"f) for binding of lactose to ricin D and its derivatives were calculated from the change in the fluorescence intensity at 320nmas described in our previous paper.5) Affinity chromatography. Ricin D and its derivatives were chromatographed on lactamyl-and galactosaminecellulofine coluns, respectively, at 4°C. Each column was first developed with 5 mMphosphate buffered saline (pH 7. 1) and then with 0.1m lactose in the same buffer. Fractions of 2ml of effluent were collected and their absorbances were read at 280 nm.
Results
Effects ofacetylation of tyrosine on the cytoagglutinating activity of ricin D
The cytoagglutinating activities of acetylated derivatives of ricin D are summarized in Table I . When ricin D was modified with a 10-fold excess of Aclm at pH 7.5 and 23°C, 0.9 mol of tyrosine/mol were acetylated within 5 min regardless in the presence or absence of lactose, and the resulting derivative, 1-Ac-ricin D, retained the cytoagglutinating activity completely. Upon treatment with a 500-fold excess of Aclm, 2.4 tyrosine residues/mol were acetylated in the absence of lactose, and the resulting derivative, 2-Ac-ricin D, retained only 6% of the cytoagglutinating activity. In the presence of 0.1 m lactose, 1.0 tyrosine residue/mol was acetylated with a 500-fold excess of Aclm, and the cytoagglutinating activity was completely retained in the resulting derivative, 1-Ac-ricin D (lac). This indicates that the tyrosine residue which is secondarily available for acetylation in the absence of lactose is protected from this modification reaction. Modification of subsequent tyrosine residues led to a further decrease in the cytoagglutinating activity ofricin D, and only a residual 1% of the activity was found in the derivative, 4-Ac-ricin D, in which 4.2 tyrosine residues/mol were acetylated with a 1000-fold excess of Aclmin the absence of lactose.
UV-Difference spectra of acetylated derivative of ricin D induced by lactose The UV-difference spectra of the derivatives of ricin D induced by lactose are shown in in the UV-difference spectra of ricin D and its derivative induced by lactose binding. An almost identical difference spectrum was also obtained for another active derivative, 1-Acricin D (lac) (data not shown). Since the magnitude of the difference maximum at 288 nmincreased with increasing lactose concentration, the association constants (K^Y) for binding of lactose to individual derivatives were calculated by analyzing the variation of the difference maximumat 288nmas a function of lactose concentration, by the method previously described. 6) As shown in Table II, the A^v values for the active derivatives of ricin D were almost identical to that given for native ricin D. On the other hand, the UVdifference spectrum generated by 2-Ac-ricin D,
had a trough at 305nm, but not the positive peaks at 280 and 288nm. Since the negative intensity at 305 nmin the difference spectrum increased with increasing lactose concentration, the data were analyzed by a Scatchard plot. As shown in Fie. 2. the Scatchard olot u Obtained by UV-difference spectroscopy. b Obtained by fluorescence spectroscopy. c Nine-tenths ofa mole oftyrosine per mol of protein were acetylated with a 10-fold excess ofAclm in the absence of lactose. d Twoand four-tenths moles of tyrosine per mol of protein were acetylated with a 500-fold excess of Aclm in the absence of lactose. e One mole oftyrosine per mol of protein was acetylated with a 500-fold excess ofAclm in the presence of0.1 m lactose. f Calculated from the variation of the negative intensity at 305nm. Spectral measurements were done as described in the legend to Fig. 1 except that the concentration of lactose wasvaried.
gave a straight line, and from the plot, the association constant (A^Y) for binding of lactose to the inactive derivative was calculated to be 5.0x IO^m"1 at pH 6.9 and 25°C (Table   II) . was adsorbed to the lactamyl-cellulofine column,but not to the galactosamine-cellulofine column. This indicates that 2-Ac-ricin D retains the ability to bind galactopyranosides but lacks the ability to bind galactosamine. Aclm has been widely used for preferential modication of tyrosine residues in proteins.17)
In this case, one out of twenty-one tyrosine residues in ricin D is highly reactive for Aclm and hence this residue is primarily acetylated with a 10 fold excess of Aclm within 5min. However, modification of this residue does not have any effect on the cytoagglutinating activity, and was not influenced by lactose (Table   I ). These observations suggest that the tyrosine residue which is primarily available for acetylation with Aclm is not involved in the saccharide binding. It should be noticed that the cytoagglutinating activity of ricin D decreased greatly after modification of 2 tyrosine residues/mol. It is reasonable to consider that such a loss of the cytoagglutinating activity of ricin D is principally due to the acetylation of one of the tyrosine residues available for modification with a 500-fold excess ofAclm. Such a view can be supported by another finding which indicated that when ricin D was reacted with a 500-fold excess of Aclm in the presence of lactose, a specific ligand for ricin D, one tyrosine residue/mol was protected from the modification with retention of the cytoagglutinating activity. It is plausible that lactose binds to ricin D in such a manner as to shield the tyrosine residue involved in the saccharidebinding from modification with Aclm.
The B-chain of ricin D carries two saccharide-binding sites with different affinities: the high affinity site (LA-site) containing Tyr248 and the low affinity site (LA-site) containing Trp37.7~9) As previously reported, spectroscopic changes were induced in ricin D on binding with specific saccharides.5'6) Since the positive peaks at 280 and 288nmas observed in the lactose induced UV-difference spectra of ricin D and its active derivatives (Fig. 1) are representative of specific binding of lactose to the HA-site, the saccharide-binding ability of the HA-site can be expressed in terms of the association constant (A^v) obtained from the variation of the difference maximum at 288nm.6) On the other hand, changes in the fluorescence spectra induced by lactose binding (Fig. 3) (Table  II) . However, the UVdifference spectrum generated by the inactive This implies that the trough at 305 nm in the UV-difference spectra is also representative of the binding of saccharide to the LA-site.
It has been reported that the HA-site is capable of binding not only galactopyranosides but also 7V-acetylgalactosamine and galactosamine, but the LA-site can bind galactopyranosides but lacks the ability to bind Nacetylgalactosamine and galactosamine. 5'6) As demonstrated here, the inactive derivative, 2-Ac-ricin D, is adsorbed to the lactamylcellulofine column, but not to the galactosamine-cellulofine column (Fig. 4 ). This agrees with the above spectroscopic data and strongly suggests that 2-Ac-ricin D binds lactose only at the LA-site but lacks the binding ability at the HA-site to which galactosamine is expected to bind. and that Asn255 forms a hydrogen bond to the galactose OH-4and there is also a hydrogen bond between the galactose OH-3and a water molecule, bound to Asn255.9) Based on our results and the X-ray crystallographic data, we postulate that the introduction of the bulky acetyl group into the phenolic hydroxyl group of the tyrosine residue at the HA-site, probably Tyr248, may sterically hinder the formation of the hydrogen bond between saccharide and Asn9^i ss-
